Abstract. Exhaled breath contains 1% of volatile organic compounds. The concentration of individual biomarkers in hundreds of volatile organic compounds lies within the range ppmppb. In compare with control group the concentrations of acetone, acetic acid, ethanol, propylene biomarkers is significantly higher in HF-PEF group.
Detection heart failures (HF) biomarkers by proton transfer reaction -mass spectrometry and ion mobility spectrometry 1. Introduction Heart failure (HF) is a preeminent cause of cardiovascular morbidity and mortality. The 5-year survival rate for patients with heart failure, regardless of ejection fraction (EF), is less than 50%. Data from epidemiologic studies of heart failure with preserved EF (HF-PEF) find that the annual mortality is approximately 10%. The diagnosis of HF-PEF is more complicated than the diagnosis of HF with reduced EF (HF-REF). In our previous studies [1 -5] , we found out that concentration of certain voluntary organic compounds (VOCs) in exhaled breath in patients (pts) with and without HF differs.
The experimental scheme
From October 2013 to September 2015 it was enrolled 21 pts with HF-PEF in heart failure group and 16 pts without HF in the control group. HF-PEF is diagnosed according to ESC active guidelines. It is collected fasting exhaled breath samples of all patients in 1L Tedlar bags. Exhaled breath is analyzed using PTR-MS (Compact PTR-MS, Ionicon, Austria). The PTR-MS is gaining popularity modern technique [6] [7] [8] . Correlations were evaluated by the method of Pearson and Spearman. All statistical operations were carried out with the help of IBM SPSS Statistic Software, version 22.
The experimental setup is designed and assembled for determination of several volatile organic compounds (VOCs) concentration in the exhaled air samples. The unit consists of the following components: proton transfer reaction -mass spectrometr compact PTR-MS, zero air generator Sonimix 3057, the thermostat, solenoid valve, manometer, flow meter, valves, connecting pipes, computer. The thermostat is taken from chromatograph Shimadzu GC-8A.
The air sample in Tedlar bag, DuPont, USA (bag made of polyvinyl fluoride film) is placed in the thermostat at constant temperature 42 °C. The solenoid valve is mounted inside the thermostat which is also connected with air channels from zero air generator and PTR-MS input. The design allows excluding probe condensation on channels and solenoid surface. The solenoid valve switching makes The PTR-MS device has specific feature. The output data of some channels concentration characterized by individual m/z couldn't be unambiguously identified as certain chemical compounds. The output signal is proportional to the number of concentrations of VOCs sum and products of their chemical breakdown in the drift chamber.
Taking into account, the specifics of the exhaled air analysis problems the method of spectrum analysis of m/z values in a row in a certain range is chosen. As follows from literature data [6] [7] , the substances can not be detected in exhaled air with concentrations greater than the PTR-MS threshold detection unit (0.5 -1.0 ppb) for the m/z values greater than 141. Consequently, the range of the test spectrum m/z value is 21 -141 except channels 21, 30, 32 and 37, which correspond to the concentrations of ions generated in the drift chamber. Table 1 .
IMS study
It remains an open question of portable HF-PEF diagnostic system. Meanwhile dozens of diseases may be recognized by changes in the chemical composition of volatile organic compounds (VOCs) in the air exhaled by the gas chromatography -ion mobility spectrometry (GC-IMS). For instance some studies show that the mobility spectra from GC-IMS breath analysis of patients with cancer lung damage differs from spectrums of healthy peoples [9] [10] .
Interest in using Multi Capillary Column MCC IMS for clinical analyses has arisen through concerns regarding the integrity of samples when transported to the laboratory. It is necessary about 10 mL of breath to carry out a full analysis. For investigations of human breath at a high level of humidity a combination of a polar Multi Capillary Column (MCC) (ISC, OV-5, OOO "Siberteh", Novosibirsk, Russia) partly preseparating the analytes is used in combination with a conventional ion mobility spectrometer [9] [10] [11] [12] . An IMS coupled to a MCC columns allows the identification and quantification of volatile metabolites occurring in human breath down to the ng/L and pg/L range of analytes within less than 12 minutes and without any preconcentration steps. The analyte passes through the exhalation of 1000 parallel capillaries, each with an internal diameter of 40 micrometers. The overall diameter of 3 mm separation columns, which allows the carrier gas supplied from the optimum for spectrometry at 300 ml/min. The IMS study of acetone, acetic acid control samples shows the sensitivity in ppb range. It is carried out further investigations of exhaled breath samples with improved sample device. 
Results
The baseline characteristics of patients are in Table 2 . The median (interquartile range) concentration of biomarkers is presented in Table 3 . The study shows applicability of PTR-MS for HF-PEF diagnostics. Nevertheless it is necessary to confirm results by a systematic statistical study.
Conclusion
There is a significant difference in exhaled breath PTR-MS spectrums between patients with HF-PEF and without heart failure. In compare with control group the concentrations of acetone, acetic acid, ethanol, propylene biomarkers were significantly higher in HF-PEF group. The IMS study of acetone, acetic acid control samples shows the sensitivity in ppb range. It is carried out further investigations of exhaled breath samples with improved sample device. Further investigation is necessary to determine the correlation between these biomarkers and levels of natriuretic peptides.
